The Laxa group of the Panicum genus contains species which have CO2 exchange and anatomical characteristics intermediate to C3 and C4 photosynthetic types (C3/C4), and also species characterized as C3. Hybrids were made between two of the C3/C4 species and two C3 species. Carbon dioxide exchange and morphological, leaf anatomicaL and cytogenetic characteristics of F, hybrids between Panicum milioides Nees. ex Trin (C3/C4) and P. laxum Mez. (C3), P. spathellosum Doell (C3/C4) and P. boliviense Hack. (C3), and P. spathellosum and P. laxum were studied. There were no consistent differences in apparent photosynthesis, although two of the three hybrids had higher net CO2 uptake than the C3 parent. Values of inhibition of apparent photosynthesis by 21% 02, CO2 loss in the light, and CO2 compensation concentration for the hybrids were between those of the parents. All three hybrids showed leaf anatomical traits, especially organelle quantities in the bundle sheath cells, between those of their respective parents. Linear regression of CO2 compensation concentration on the percentage of mitochondria and chloroplasts in vascular bundle sheaths of the parents and hybrids pve correlation coefficients of -0.94. This suggests that the reduction in CO2 loss in the C3/C4 species, and to a lesser degree in the F, hybrids, was due to development of organelles and perhaps a higher proportion of leaf photorespiration in bundle sheaths. The overall morphology of the hybrids was so different from the parents that they could be described as new taxonomic forms. The chromosomes in the hybrids were mainly unpaired or paired as bivalents indicating possible homology between some parental genomes.
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Closely related Panicum species have been found to possess characteristics of C3, C4, and C3/C4 intermediate photosynthetic types based on CO2 exchange (2, 3, 5, 6, 13, 14) and leafanatomy (4, 13) . These species have been assigned to the informal taxonomic group Laxa or the closely related Grandia group (7, 11, 12) . The existence of different photosynthetic types among closely related grass species provides an excellent opportunity to study the genetics of characteristics associated with C4 photosynthesis.
Documentation of the cytogenetic and reproductive aspects of seven of these Panicum species revealed a high degree of sexual-'Supported by State 
MATERIALS AND METHODS
Hybridization. An interspecific hybrid was produced by using Panicum milioides, accession 101, as the female parent and Panicum laxum, accession 127 (formerly reported as Panicum hylaeicum Mez [1] ), as the pollen parent. To achieve this hybridization, potted plants ofboth accessions possessing inflorescences were taken into the laboratory. All florets, with the exception of 20 in preanthesis, were removed from the inflorescences of the female parent. The remaining florets were emasculated under a dissecting microscope by opening the florets and removing the anthers. Pots were returned to the greenhouse where the emasculated inflorescences were placed together with an inflorescence of the pollen parent and covered with a bag made of 2.5 cm diameter dialysis tubing. Seed were harvested from the female parent approximately 2 weeks later and then germinated in Petri plates on blotter paper. Seedlings were transplanted to small plastic pots and grown in the greenhouse for 2 months. The hybrid was identified among the greenhouse plants based on its morphological intermediacy to both parents, and confirmed by its triploid chromosome number (2n=3x=30) since P. milioides accession 101 is a diploid (2n=2x=20), while P. laxum accession 127 is a tetraploid (2n=4x=40) (1) .
Two hybrids were also produced using P. spathellosum, accession 109 (synonym Panicum schenckii [1, 18] ) as the female parent. The pollen parent for one hybrid was P. boliviense, accession 121 (synonym P. hylaeicum [ 1, 18] ). The pollen parent for the other hybrid was another P. laxum, accession 132. P. spathellosum was observed to exert its stigmas 24 to 48 h prior to anther exertion. Therefore, pollen from each male parent was collected and dusted onto the stigmas as they were exerted. P. spathellosum is a hexaploid (2n=6x=60) while the pollen parents were both tetraploids (2n=4x=40) (1) . The potential hybrid seedings were handled as described above and the two hybrids identified based on their morphological intermediacy and possession of the pentaploid chromosome number (2n=5x=50).
FIG. 1-8. Photographs of (1) P. milioides, accession 101; (2) the interspecific hybrid, P. milioides accession 101 x P. laxum accession 127; (3) P. laxium accession 127: (4) P. spathellosum accession 109; (5) the interspecific hybrid P. spathellosum accession 109 x P. boliviense accession 121; (6) P. boliviense accession 121; (7) the interspecific hybrid P. spathellosum accession 109 x P. laxum accession 132; (8) P. laxum accession 132.
Anatomy and Cytology. Young, fully expanded leaves from all hybrids and parents grown in the greenhouse were fixed, embedded in plastic, thin sectioned, and examined with transmission electron microscopy to document organelle size and quantities in BSC2 and MC using techniques described previously (4) . Thick transverse sections (1I AM) were also made, stained with toluidine blue, and examined under the light microscope to determine ratios of MC/BSC. Chromosome number was also documented from root tip cells, meiotic analyses were performed in pollen mother cells, and per cent stainable pollen calculated as described previously (1) .
CO2 Exchange. Young, nonflowering tillers of mature plants of the parents and F, hybrids were transplanted to pots containing a mixture of equal volumes of peat, sand, and vermiculite. Plants were fertilized twice weekly with 500 ml of full strength Hoagland solution. When plants were well rooted and had produced several tillers, CO2 exchange was measured on the youngest fully expanded leaves of nonflowering tillers.
Center portions of leaves ( 1-4 cm2) were enclosed in an open system incorporating a leaf cuvette, IR gas analyzer, and a dew point hygrometer. The leaf cuvette was constructed with 0.64-cm thick acrylic plastic for the walls and 0.32-cm thick acrylic C4, plants with characteristics intermediate to C3 and C4 photosynthetic types; AP, apparent photosynthesis; PR, photorespiration (CO2 loss into C02-free air); r, CO2 compensation concentration.
for the top. Its dimensions were 5.8 x 1.9 x 2.0 cm. The cuvette was composed oftwo parts; the base, which was mounted directly onto a rheostat controlled peltier type cooling plate, and the top which was held in place with rubber bands. The top and base of the cuvette were fitted with rubber gaskets to form a seal. Leaf temperature was monitored with a copper-constantan thermocouple touching the lower leaf surface.
Gases premixed to contain the desired CO2 and 02 concentrations were supplied to the leaf from pressurized cylinders. Gases were passed through a flask containing water and then through a temperature-controlled condenser to remove excess moisture and provide water vapor around the leaves in the range of 8 to 15 mg 1-'. Gas flow rates were maintained constant with a mass flow controller in the range of 6 to 10 ml s-'. Measurements of CO2 and water vapor exchange were made on each leaf with three different gas mixtures: (a) 300 ul I' C02, 210 ml`' 02; (b) 300 dl I' CO2, 20 ml 1-' 02; and (c) 0 ,ul 1' CO2, 210 ml I' 02. The CO2 concentrations of 300,l I' are nominal and varied slightly among experiments. Gases containing about 300 ul 1-' CO2 were always within 5 gl I' (average of that entering and exiting the cuvette) when effects of 02 were being compared. Exchange rates of CO2 and water vapor were calculated from differences in concentrations in cuvette intake and exhaust and gas flow rates. All measurements were made at a leaftemperature of 30°C and photosynthetic photon flux density of 2000 ,umol Three experiments were conducted for comparisons of parents Figs. 1 and 3, respectively) and larger, smooth spikelets (2-2.5 mm long) in P. milioides compared to the pubescent spikelets (1-1.5 mm long) in P. laxum (11) . P. milioides also has a smaller, more narrow lamina and a shorter, more open inflorescence than this P. laxum accession (Figs. 1  and 3 ). The interspecific hybrid (Fig. 2) is between its parents in inflorescence length and lamina size and has sparsely pubescent spikelets 1.5 to 2.0 mm long. However, it resembles more closely the male parent, P. laxium in panicle shape (Figs. 2 and 3 ). P. spathellosum, accession 109, is a short, leafy plant with narrow, lanceolate leaves and with culms up to 50 cm long (Fig.  4) . It has large, elliptic, and smooth spikelets 3.0 to 3.5 mm long (18) sparsely distributed on an open panicle (Fig. 4) decumbent stems reaching to 1.5 m with few short, broad laminae having cordate-clasping bases ( Fig. 6; [ 18] ). P. boliviense has smaller (1.5 mm long), more blunt, and pubescent spikelets (18) densely arranged on open panicles (Fig. 6) . The mul, P. milioldes; lax, P. Ia.xum; spa, P. spathe/losumn; bol, P. boliviense.
AP, PR, and 02 inhibition of AP determined at 30°C and 2,000 g(mol photon m-251 s-. was determined at 30°C and 1.000 gmol photon m-2 s-'. Bars with different letters indicate means are statistically different at the 0.05 level of probability. these two species is larger than P. spathel/osum, but it is more leafy than P. boliviense, and exhibits no cordate lamina base (Fig. 5) . The hybrid also has an open paniele containing large pubescent spikelets (3.0 mm long). The morphological characteristics of P. laxum, accession 132, were similar to that of P. laxum, accession 127, described above, with the exception that accession 132 is more decumbent (Fig.  8) , and has a shorter inflorescence and smaller leaves. However, when compared to P. spathellosum, P. laxum, accession 132, is taller (Figs. 4 and 8) , and has a shorter, more compact inflorescence. The hybrid between P. spathellosum and P. laxum is a decumbent plant possessing open panieles similar in size to those of P. spathellosum (Fig. 7) . Its spikelets are smooth and between those of the parents in size (2.0-2.5 mm long).
Cytogenetics and Seed Set. Meiotie analysis showed all parent plants to have primarily bivalent pairing during metaphase I and a high degree of stainable pollen (Table I ). The parental plants also set large quantities of selfed seed (1). The F, hybrids exhibited primarily univalent and bivalent chromosome pairing with a limited number of trivalents and tetravalents, and in P. spathellosum x P. boliviense, a few chains and rings of higher numbers (Table I ). The hybrids produced no stainable pollen and no selfed seed.
Anatomy. Leaves of the C3/C4 parents are characterized by chlorophyllous vascular bundle sheaths surrounded by compact mesophyll (small amount of air space) (Fig. 9) . In contrast, the C3 species possess nearly empty BSC and mesophyll containing much larger air spaces, including well developed lacunae, especially in P. boliviense (Fig. 11) . The mesophyll of the C3/C4 species was much more radially arranged around the vascular tissue than in the C3 parents. The F, hybrids possessed anatomical features between those of the parents, exhibiting less radial arrangement of mesophyll and more mesophyll air space than the C3/C4 parents (Fig. 10) .
Ultrastructural study showed that F, hybrids contained fewer organelles in BSC than the C3/C4, but more than the C3 parents (Table II) , except for P. milioides x P. laxum in which chloroplasts were not statistically different from P. milioides. Organelle numbers in MC showed no consistent trends among the parents and hybrids.
As shown in a previous study (4) chloroplasts and mitochondria in BSC were larger in the C3/C4 than in the C3 species. The F, hybrids showed no clear trends in these traits (data not shown). Chloroplast size in BSC was similar to that in P. spathellosum in hybrids involving that species and similar to P. laxum in the P. milioides x P. laxum cross. Mitochondria in the BSC of the hybrids were not significantly different in size from those of either parent.
CO2 Exchange. Apparent photosynthesis rates were lower for the C3 than the C3/C4 species, but the difference was statistically significant only in the P. milioides-P. laxum comparison (Fig.  12A) . The F, hybrids resulting from the P. spathellosum x P. laxum and the P. spathellosum x P. boliviense crosses had AP significantly higher than the C3 parent, and numerically though not significantly higher than the C3/C4 parent.
In each parent pair, PR was greater for the C3 parent; the rate ranging from 1.8 to 2.8 times that in the C3/C4 species (data not shown). In the F, hybrids, PR was between that of the parents for the P. spathellosum x P. laxum cross, but equal to the C3 parent or higher for the other two crosses. Although PR in the F1 of P. spathellosum x P. boliviense was greater than its C3 parent, when expressed as a percentage of AP at 210 ml I1 02, the PR in the F, was lower, but not significantly lower than the Table II. P. milioides, P. laxum and hybrid (squares); P. spathellosum, P. laxum and hybrid (triangles); P. spathellosum, P. boliviense and hybrid (circles).
Open symbols represent mitochondria; closed symbols, chloroplasts. Regression equations: r = 68 -0.93 (% mitochondria), r = -0.94; r = 72 -2.0 (% chloroplasts), r = -0.94. C3 parent (Fig. 12B ). In the P. milioides x P. laxum and the P. spathellosum x P. laxum crosses, PR as a percentage of AP was significantly lower than the C3 parent.
The inhibition of AP by 210 ml -' 02 was 15 to 20% in the C3/C4 species and 29 to 33% in the C3 species (Fig. 12C) , similar to results reported for these species earlier ( 13, 14) . The inhibitions in the F1 plants were between those of the parents, being very similar to the average for the respective parents. Values of r ranged from 53 to 60 ,l I`for the C3 parents, were about 20 Ml 1`for the C3/C4 parents, and ranged from 40 to 47 ,ul I`for the F1 plants (Fig. 12D) . DISCUSSION The main objective for producing artificial interspecific hybrids among Laxa species in Panicum is to transfer traits associated with C4 photosynthesis, thereby allowing for determinations of genetic heritabilities in segregating progeny. While hybridization of C3 and C4 Panicum species would be most desirable, attempts at such hybridization have not been successful.
However, production of F, hybrids between the C3 and C3/C4 Panicum species has resulted in a group of closely related plants (including the parents) with a range of leaf anatomy and CO2 exchange parameters related to photorespiration from values typically C3 to ones approaching C4. In addition to their potential use in genetic studies of photosynthetic characteristics, these plants also provide the opportunity to relate CO2 exchange and leaf anatomy characteristics.
The mechanism for reducing PR in C3/C4 Panicum species is open to question because of the apparent absence of C4 photosynthesis in the C3/C4 species (9, 17) . It may be related to leaf anatomy, especially the high concentration of organelles in the BSC. From the quantities of organelles per MC and BSC and the ratio of numbers of these cell types of the parents and hybrids in this study (Table II) , the percentage of organelles in the leaf occur-ring in the two cell types may be calculated. About 25% of the total leaf chloroplasts and 45% of the mitochondria occur in BSC of the C3/C4 species (Fig. 13) . In P. boliviense only 2 to 3% of the two organelles occur in BSC, whereas in P. laxum 11 % of the chloroplasts and 17 to 23% of the mitochondria are in these cells. Data for the hybrids lie between those of the parents for both organelles.
When F was regressed on the percentage of chloroplasts and mitochondria in BSC of parents and F, hybrids, correlation coefficients of -0.94 were obtained (Fig. 13) New taxonomic forms were created through hybridization. These were different enough from parental species to allow classification of the artificial hybrids as new species. It was previously speculated that many of the Laxa species collected in nature and found to be at higher ploidy levels were probably alloploids arising from natural interspecific hybridization (1) . The change in organelle development in BSC, gas exchange traits, and pertinent morphological characters, as well as the amount of chromosome homology found in the artificial hybrids, also seems to support this view. It is too early to predict relationships among polyploid species based simply on chromosome pairing, because pairing, in artificial hybrids can give misleading results unless all involved species (especially diploids) are used in resynthesis and testing ofthe hybrid in question (16) . However, the hybridization results reinforce earlier conclusions (1, 4) that the C3/C4 species should not be reassigned to the genus Steinchisma as proposed by Brown (7). Retention of the C3/C4 species in the Laxa group seems justified as it contains both P. laxum and P. boliviense, C3 parents used in this study. Although characters associated with C3/C4 photosynthesis were changed through hybridization, hybrids must be fertile to give segregating progeny for genetic studies on specific traits. These hybrids were sterile due probably to their being triploid or pentaploid. All hybrids were found to have many unpaired chromosomes which led to lagging chromosomes and micronuceli at anaphase I and telophase I, respectively, with subsequent inviable gametes formed. However, because these hybrids exhibited mainly univalents or bivalents, they have recently been successfully treated with colchicine to double their chromosome number and restore fertility.
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